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SUMMARY
Correlation between the QRS complex and postmortem ventricular anatomy was made in 1184 instances of normal conduction: (1) V5 , and V6; those with a small septal Q wave-that is, a Q 0.5 mm or less in depth in one or more of the same leads; and finally, those with normal QRS complexes-that is, with the common septal Q present in these "lateral" leads.
The question of localization of infarction was approached in the following fashion. The left ventricular myocardium was divided into 15 zones. As seen in figure 1 where the left ventricle is represented diagrammatically as a bull's eye with the apex pointed toward and the base away from the viewer, the paths of the major arteries divided the ventricular cone into three major subdivisions: one lying between the left anterior descending and the right posterior descending coronary artery branches was the septal third, one between the left anterior descending and the circumflex artery was the anterior third, and one between the circumflex and right posterior descending artery was the posteroinferior and lateral free wall. These major subdivisions were further subdivided into apical, central, and basal portions, and, except for the apical sectors, a further subdivision was necessary to produce sectors of roughly equivalent area. Study of the pattern of localization was confined to the 416 specimens that had either infarction or scar. For each electrocardiographic group, we tallied the number of entries in a given myocardial sector. Thus, when more than one-half of the subjects with a given electrocardiographic pattern were found to have lesions in a given sector, that sector was shaded with horizontal lines. When more than three-quarters were involved, the sector was marked with bold dots. In none of our groups, was a sector involved in all instances.
Results
Detection of Myocardial Infarction or Scar by Abnormal Q Waves
It can be seen that there is a relatively higher incidence of infarction (slightly less than 1 out of 3) when the septal Q wave is absent than there is when it is present or small It became evident to us that there were two major groupings of Q-wave distribution based on the occurrence of abnormal Q waves in specific electrocardiographic zones. As noted in table 2, we called these two major groupings (I) uncomplicated anterior or inferior Q-wave patterns and (II) lateral and combined Q-wave patterns. Uncomplicated Qwave patterns were those in which an abnormally wide Q wave was found in only one of the electrocardiographic zones. The lateral and combined Q waves were those in which abnormally wide Q waves were found either in V5 and V6 or in more than one of the classical pair or trio of electrocardiographic leads making up a zone-e.g., (I, aVL), (II, III, aVF), (V1, V2), (V3, V4). One possible exception to this rule for lumping besides putting isolated Q waves in group II is apparent: Q waves in V1-V4 showed the characteristics of isolated Q waves; this is not unexpected, for in most of these, the Q-wave abnormality appeared in leads V2 and V3. Not infrequently, however, a small Q wave also preceded the R wave in V, and V4.
Q waves which could be classified as uncomplicated anterior or inferior (group I)
were not reliably associated with infarction or scar, but those classffied as lateral or combined (group II) were very reliable predictors of myocardial deficit. The difference in percentage of false positives was 46% as compared to 4%. Another way of summarizing this difference in reliability would be to say that when abnormal Q waves were found either in V3-V6 or in II, III, and aVF in combination with some other leads, they were ten times more accurate in predicting infarction than when isolated to V1-V4 or II, III, and aVF. in the septum and posteroinferior walls, but not in the anterior wall. In 18 patients with "septal infarct" Q waves in V1 and V2, the distribution of the pattern of scar was widely variable except that slightly over half did enter the inferior central septum, whereas, in 47 patients with Q waves in V1-V4 and myocardial infarction, over one-half of the infarctions entered the apical septal sector. By contrast ( fig. 3) , in the 48 patients with Q waves in V1-V6, over 75% had scar or infarction in the apical one-third of the left ventricle extending into the septum and inferior wall, and over one-half showed lesions in the surrounding septal, anterior, lateral, and inferior walls as noted in the diagram. Note the "lateralization" in pattern when just I, V5, and V0 held abnormally wide Q waves.
In figure 3 also are shown the patterns of myocardial localization in the groups with abnormally wide Q waves both in the "footward lead group" (II, III, aVp) and in another lead pair or group. Notice that inferolateral myocardial infarction was well predicted by Q waves in V5 and V6, plus the footward leads. Similar good prediction of infarction sites with II, III, and aVF alone ( fig. 2) When we received the data from the "forward" point of view (i.e., heart current-toskin voltage) instead of from the "inverse" approach (i.e., ECG finding-to-heart anatomy), we noted the following points. When the posterolateral third of the left ventricle was the sole site of a lesion, the most common electrocardiographic result was the absent septal-Q pattern and a wide variety of patterns was found. By contrast, when the anterior one-third was the sole site (as occurred less commonly), electrocardiographic patterns were normal, or anteroseptal infarction patterns were found. When both septum and posterolateral wall were damPosterior r Septal 1-4l aged, the most frequent electrocardiographic pattern to result was that of wide Q in II, III, and aVF accompanied by loss of normal septal Q in I, V5, or V6. When all three sectors of myocardium were entered, the combined inferior and "anterolateral" pattern was the most frequent result. Figure 4 illustrates these relative distributions of the electrocardiographic sequellae of specific patterns of myocardial damage. However, it is interesting to note that the relative incidence of hidden infarction was 13% with normal septal Q waves, 14% with small septal Q waves, but 32% when septal Q waves were absent. Thus the clinician's uneasiness upon discovering the septal Q wave absent finds some justification here,'4 but we were unable to extract individual diagnostic power from the observation.
These findings in the presence of normal conduction may be compared with the findings with conduction defects.'2 In 72 subjects with LBBB, 28 were without infarction. It is of interest that there were eight instances of Q waves in II, III, and aVF with LBBB and proven myocardial infarction, and no instances of this Q-wave abnormality in the group without infarction. By way of contrast, 76 patients with RBBB were found in the series, and of the 40 of these without infarction at autopsy, there were five each with either abnormal Q waves in V1-V4 or abnormal Q waves in II, III, and aVF. In each of these instances of false Q wave with RBBB, there was strong clinical evidence of either pulmonary embolism or chronic or acute obstructive lung disease, so that clinicians were provided with a good basis for suspecting the alternative explanation of Q waves of cor pulmonale in these anterior and footward electrocardiographic leads. Finally, there were 44 cases of incomplete LBBB in the study (QRS complexes of greater than 0.10 but not greater than 0.12 sec in the limb leads). Although the incidence of true positive abnormal Q waves associated with infarction was slightly higher than false negative Q waves, diagnostic performance of the Q wave was even poorer than with complete LBBB. The so-called septal Q waves in leads I, aVL, V5, and V6 were either small or absent, as would be expected in any complete LBBB in the remainder without abnormally wide Q waves.
Because false abnormal Q waves in the presence of RBBB had been found consistently associated with hearts with large right ventricles,12 we searched for similar evidence in the absence of a conduction defect. As shown in table 3, the relative mass of right and left ventricular walls was compared for the three major groupings with and without myocardial infarction. The right ventricular weight was not found to be increased in the group with falsely abnormal Q waves in the isolated right precordial or foot leads, as might have been expected by analogy with the acute cor pulmonale patterns showing RBBB. (Obviously these data cannot exclude physiologic right loading insufficient in degree or duration to produce right ventricular hyper- When considering localization as contrasted with absolute detection of infarction, the classical association between abnormal Q waves and regions of myocardium may be summarized as follows. The lateral free wall of the left ventricle is associated with leads I, V5, and V6. Infarction of the inferior or diaphragmatic aspect of the left ventricle is expected to be expressed by abnormal Q waves in leads II, III, and aVF. Lesions of the anterior or apical free wall of the left ventricle are reflected by Q waves in V3 and V4, and of the interventricular septum by Q waves in V, and V2. Combinations of lesions in more than one myocardial region would be expected to produce Q waves in more than one corresponding electrocardiographic zone. Ordinarily, in the presence of normal conduction, infarction of the septum might also be expected to produce loss of Q wave in the "lateral leads" I, V5, and V6. The addition of true or strict posterior wall infarction to an inferior wall infarction might be expected to produce widening of the R wave in V1 and V2, or increase in the R/S ratio of V, and V2.
As previously discussed, inspection of figures 1, 2 , and 3 provides a portrait of the trends of actual anatomic localization with various combinations of abnormal Q waves in the standard electrocardiogram. Focusing on figure 3 , we note that, in general, the words Circulation, Volume XLIII, March 1971 classifying the Q orientation describe the relative left ventricular concentration of lesions. However, we also notice that there are no 100% correlations and that frequent associations are omitted from the prediction: the inferior and anterior overlap is not predicted from the lateral myocardial infarction pattern (MIP) (wide Q in V5V6); the common inferior and septal involvement is not predicted from the anterolateral MIP (Q in V3-V6); the septal extent is not predicted from the inferolateral MIP (Q in V5V6 plus Q in II, III, and aVF). It is not clear why the difference of adding Q in V3V4 to the "inferoseptal" combination (Q in II, III, and aVF plus Q in V1 and V2) should shift the basal aspect of localization from septum to lateral free wall but not increase the commonness of lesions in the anatomic anterior free wall.
It is worthwhile to comment on the variation in localization seen in conduction defects as compared with these findings.12 Classical uncomplicated LBBB patterns with autopsy-proven myocardial infarctions showed consistent involvement by scar or infarction in the inferior basal sector near the point where the bundle of His sends over the left bundle and its ramifications. Similarly, in six out of 10 patients with classical patterns of RBBB and no abnormal Q waves, the same sector was involved consistently. Q waves in V1-V4, Q waves in I, V5, and V6, and Q waves in II, III, and aVF consistently predicted appropriate myocardial lesions in over one-half of the patients with known infarction and RBBB, but some paradoxes appeared in LBBB. For example, the only consistent lesion in those patients with Q waves in V1-V4 and LBBB was a scar or infarction in the posterolateral basal sectors. Q wave or Q-equivalent in I, V5, and V6 was associated with extensive lesions in the septum and apex in all seven patients with this pattern, with extension beyond this zone into the central anteroseptal region in five, and into all zones in four. Thus, this particular electrocardiographic pattern could be said to be predictive of septal, lateral, or wrap-around scar or infarction. All eight patients with abnormal Q waves in II, III, and aVF and LBBB had scars or infarction in the inferior central zone with frequent extension into the surrounding zones to a lesser degree.
Clinical Significance of the Abnormal Q Wave
The clinical implications of these data should be approached with the customary caution to be exercised in translating information from a population sample selected by autopsy to the wider population faced by clinicians. Such provisos are to be considered as: (1) 
